SUPPLEMENTARY INFORMATION

T cell trans-synaptic vesicles are distinct and carry greater effector content than

constitutive extracellular vesicles.
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Supplementary Figure 1. Multiparametric analyses of released tSV show a highly
heterogeneous population of vesicles being transferred at the IS. a T cell: BSLB synapses
and the release of synaptic ectosomes containing engaged T cell molecules can be studied by
conventional multicolor flow cytometry. Shown is the representative gating strategy to
discriminate single BSLB and T cells after conjugate dissociation (as in Figure 1b). Shown are
also the biparametric overlays of single BSLBs either null (orange), agonistic (brown) and non-
stimulated (light green) and TCR-stimulated cells (dark green) for BST2, CD63, TCRaf3 and
CD38. This gating strategy was also used for identifying single cells and BSLBs in Fig. 2,
Fig.3, Fig. 4 and Fig. 5. b Conventional FCM analyses of T cells after conjugate dissociation
shows negligible uptake of fluorescent lipids by the stimulated T cells, which is observed across
a broad range of a-CD3¢ Fab densities. Data shown represent the % of the total Atto 565 signal
observed in null BSLB. ¢ Nanoparticle Tracking analysis size distribution of tSV and EVs
isolated by differential centrifugation. d Using size calibration beads (top panel), EVs (green
and bottom left panel) and tSV (violet and bottom right panel) were compared across different
bin sizes (SS-A range) as defined by the coefficient of variation (CV) of the standard bead
population. e Size distribution measured by NanoFCM of TCR, CD63, CD40L, BST2 and
CD81 positive EVs (green) and tSV (violet). f Example overlaid histograms showing the
comparison of TCRaf" vesicle size in EVs (green) and tSV (violet) using benchmark
calibration silica beads as reference (grey). g NanoFCM for the comparison of
TCRaf expression in EVs (green) and eluted tSV (violet). Expression was normalized to the
signal measured in isotype-labelled controls (TCRaf MFI / Isotype MFI). h Immunoblot



showing the size comparison between tSV-associated CD40L and a recombinant human
CDA40L ectodomain. Null BSLB were loaded only with ICAM1 and CD40. Data represent
Means = SEM from n = 4 independent experiments, each dot in (b), (d-e) and (g) represent
biologically independent samples. Normality was determined using Shapiro-Wilk test and
statistical significance was determined by One-Way ANOVA (b) and Multiple paired t-test (d)
corrected by two-stage step-up method of Benjamini, Krieger and Yekutieli (FDR Q= 0.05),
and by unpaired two-tailed t-test (e, g) to compare tSV and EVs per independently per marker.
Values on top of scatter plots represent adjusted P values. Uncropped and unprocessed versions
of immunoblots shown in (h) are available as source data.
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Supplementary Figure 2. TIRFM and Airyscan confocal imaging of T cell synapses indicate
a high spatial segregation of T cell tSV. a-d Representative TIRFM microphotographs
showing the discrete spatial distribution of CD40L and other extracellular vesicle markers in
non-permeabilized and surface-stained TH synapses. The synaptic distribution of CD40L and
other tSV markers, including CD63 (a); CD81 (b); BST2 (c); and ADAM10 (d, as control) is
shown. e Pearson’s correlation coefficient (PCC) for the spatial colocalization between CD40L
and other tSV markers. Each dot represents the average PCC per independent synapse with
representative TIRFM images shown in a-d. f-i Airyscan microphotographs of surface stained
TH immune synapses showing the 3D spatial distribution of CD40L and CD63 (f, g) BST2,
(h, 1) TCRap (j, k), and CD81 (I, m) on synapses formed between TH and SLB after 15 min
of interaction. Glycans in the plasma membrane and tSV are labelled with Wheat Germ
Agglutinin CF594 (WGA). SIRC: surface interference reflection contrast microscopy. Scale
bar =5 pum. g, i, k and m show orthogonal views of TH synapses with the z-plane crossing the
synaptic cleft. Scale bar = 5 um. In a-m SLB contained 200 molec./um? of ICAM1, 20
molec./um? of CD40 and 30 molec./um? of a-CD3¢ Fab. Data representative of 2 independent
experiments with n = 2 biologically independent samples (donors) (a-m).
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Supplementary Figure 3. The output from different subcellular compartments underpins
tSV heterogeneity. TH were preincubated for 30 min with a panel of 12 inhibitors and then
co-cultured with control and agonist BSLB at a 1:1 ratio for another 90 min while keeping
inhibitor concentrations (see Supplementary Data 1). a-d Cell surface expression of TCRof3
(a), CD40L (b), BST2 (c) and CD63 (d) after inhibitor treatment. e The stability of cellular
contacts was assessed by tracking the percent of remaining cell: BSLB conjugates after cold
incubation. f-i Transfer of TCRaf" (f), CD40L" (g), BST2" (h), and CD63" (i) tSV to BSLB
compared and normalized to the maximum transfer (Tmax) observed per donor in control
untreated cells (at 2,000 molec./um?). A representative gating strategy to identify single BSLBs
and single cells is shown in Supplementary Fig. 1a. Data represent means £ SEM for n = 6
biologically independent samples (donors) analyzed across two independent experiments.
Values on top of scatter plots represent adjusted P values. Bottom heatmaps display adjusted P
values for the comparison of tSV transfer between the control and different inhibitors, and
across different a-CD3¢-Fab densities. Statistical significance and P-values were determined
using One-way ANOVA and Dunnett’s correction for multiple comparisons (a-d), and two-
tailed multiple t-test corrected for multiple comparisons by either two-stage step-up method of
Benjamini, Krieger and Yekutieli (FDR, Q =0.01)(e), or Holm-Sidak test (o = 0.05) for the



multiple comparisons (f-i) across different a-CD3¢ Fab densities. Data from n = 6 biologically
independent samples (donors) across two independent experiments. BSLB presenting 200
molec./um? ICAM1, 20 molec./um? of CD40 and increasing densities of anti-CD3¢ Fab were
used in all experiments.
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Supplementary Figure 4. Surface expression of tSV markers following inhibitor treatment.
a-d Dynamics of TCRap (a), CD40L (b) BST2 (c) and CD63 (d) cell surface expression
normalized to the baseline of untreated controls. Right heatmaps show P-values for the
comparison of surface marker expression between the controls and different inhibitors, and
across different a-CD3¢-Fab densities. In d out of range values (>200%) are represented in
orange. Statistical significance and P values were determined using two-tailed multiple t-test
with Holm-Sidék test (o.= 0.05) correction for the multiple comparisons of marker cell surface
expression across different a-CD3e Fab densities and among inhibitor treated cells and controls
(a-d). A representative gating strategy to identify single BSLBs and single cells is shown in
Supplementary Fig. la. Data represent means from n = 6 biologically independent samples
(donors) across two independent experiments. BSLB presenting 200 molec./um? ICAM1, 20
molec./um? of CD40 and increasing densities of anti-CD3¢ Fab were used in all experiments.
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Supplementary Figure 5. T cell phenotype influences tSV composition, the exemplary case
of Treg and CART cells. a Gating strategy for the isolation of Treg cells from peripheral
blood. Post-sort purity controls are shown on the bottom right panels. The expansion of
FoxP3*-enriched CD4™ T cell cultures starts with the isolation of cells from peripheral blood
based on CD4 expression and the negative expression of CD127 and of the null (TH) or highest
(5%) expression of CD25 (Treg). b Example of intracellular staining for FOXP3 on day 15 of
expansion of TH (green histograms) and Treg (violet histograms). ¢ Frequency of FOXP3*
cells on day 15 of TH (green circles) and Treg (violet circles) expansion. d-i BSLBs can also
be tailored for the study of CART cell tSV and the transfer of the chimeric antigen receptor
(CAR) (d), the TCR co-receptor CD8a (e), CD63(f) and Perforin(g). Non-CAR cells (open (a-
CD3e-stimulated) and closed (antigen-stimulated) violet circles) are shown for comparison
(n=2 independent biological samples). d-g Representative half-overlaid histograms are shown
to the right. The differences in synaptic transfer at comparable o-CD3¢ (teal, open circles) and
HLA-A2: NY-ESO-1 (teal, closed circles) densities (140 molec./um?). TSV transfer to BSLBs
instigated by either the CAR antigen (top panels; teal histograms), or the a.-CD3¢ Fab (bottom
panels, violet histograms) are shown for each marker. Cells with no antigen/a-CD3 (dark blue
histograms), and stimulated with either HLA-A2: NY-ESO-1 or a-CD3g (light blue). Light
grey histograms represent non-agonistic (null) BSLBs . h for comparison, TCRaf transfer is
shown for the tested densities in n = 2 independent CART biological samples. i Gating strategy
for identifying single BSLBs and single CART shown in d-g. j-o Central clustering of CD39
(j) and CD73 (m) in Treg synapses formed on SLB containing 200 molec./um? of ICAM1, 20
molec./um? of CD40 and 30 molec./um? of a-CD3¢ Fab and imaged with TIRFM. MFI = Mean
Fluorescence Intensity, arb. units = arbitrary fluorescence units. SIRC: surface interference
reflection contrast. Cell surface glycans are labelled with Wheat Germ Agglutinin (WGA).
White arrowheads show released WGA™ CD73" vesicles (diffraction-limited). Scale bar = 5
pm. k, n Background corrected MFI for CD39 (k) and CD73 (n) in TH (green circles) and
Treg (violet circles) synapses. I, o Ectonucleotidase incorporation in tSV relates to increased
surface expression of CD39 (I) and CD73 (0) in Treg cells (violet histograms) compared to TH
(green histograms). Data represent means = SEM of n = 3 (c), 4 (d-g), and 2 (h-0) independent
biological samples across 3 (c) and 2 independent experiments (d-0). Normality was
determined using Shapiro-Wilk test and statistical significance was determined by two-tailed
unpaired t-test (c) and two-tailed Multiple t-test with Holm-Sidak correction (oo = 0.05) for the
multiple comparisons of synaptic output between CART stimulated with antigen and CART
stimulated with anti-CD3¢ Fab. Values on top of scatter plots represent adjusted P values. In a,
e, and g adjusted P-values are represented as *p<0.05, **p<0.005, ***p<0.0005, ****p<0.0001
and ns = not significant.
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Supplementary Figure 6. CRISPR/Cas9 controls. a-f Flow cytometry measurements of cell
surface protein expression in TH cells with CD4, CD81, ADAM10, BST2, and TSG101 genes
disrupted with CRISPR/Cas9. a Representative half-overlaid histograms and bi-parametric
contour plots showing the surface expression levels of edited proteins (headings) and their
relationship with the surface expression of CD40L (y axis). The expression of TCRap (b),
CD40L (c), CD4 (d), CD63 (e), CD81 (f) and BST2 (g) was normalized to the levels of CD4-
edited controls. h CD40L expression normalized to CD3E expression in CD4- (teal circles) and
ADAM10-edited (orange circles) cells. i Representative immunoblots for CD40L and CD3§
expression in whole cell lysates. j TSG101 expression normalized to B-actin in CD4- (teal
circles) and TSG101-edited cells (grey circles) . k Representative immunoblots showing the
downregulation of TSG101. I-m Dynamics of TCR and CD40L tSV transfer to BSLBs for
different CRISPR/Cas9-edited cells shown as normalized Tmax (I) and ECso (m). n TCRaf*
tSV (as TCRaf" molec./BSLB) release at increasing a-CD3¢ Fab densities. o Surface
TCRap expression on CRISPR/Cas9-edited TH cells cocultured with BSLBs as in (n). p
CD40L" tSV (as CD40L* molec./BSLB) release at increasing o-CD3¢ Fab densities. g
Changes in surface CD40L upregulation on CRISPR/Cas9-edited TH cells cocultured with
BSLBs as in (p). Representative gating strategy for the identification of single BSLBs and cells
is shown in Supplementary Fig. 1a. Data represents Means + SEM of n =8 (b-g, h), and 7 (j)
biologically independent samples (donors) and experiments. In n-q, data represent means (o,

q) £ SEM (n, p) of n=9 (CD4), 7 (CD81), 6 (ADAM10), 6 (BST2) and 3 (TSG101) biologically
independent samples (donors) and experiments. Normality was determined using Shapiro-Wilk
test and statistical significance was determined by One-Way ANOVA with Geisser-

Greenhouse correction and mixed effects model corrected for multiple comparisons using



Dunnett’s (b-g) and two-tailed paired t-test (h, j). Non-linear regression using three parameters
F-test was used to compare the dynamics of CD40L and TCRaf transfer to BSLBs among

different CRISPR/Cas9 gene ablations (I, m, n, p). Uncropped and unprocessed versions of
immunoblots shown in (i) and (k) are available as source data.
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Supplementary Figure 7. TSVs have distinct protein composition than EVs. a LC-MS/MS
analyses of eluted tSVs from o-CD3* and null BSLB (containing only ICAM1 and CD40). b
differentially expressed proteins found in a tSV were then used for the comparison between
tSV and EVs produced by TH. ¢ As in (b), comparison between tSV and EVs of CTL. In a-c,
p-values were determined by two-tailed student T-test. d LC-MS/MS analyses reveal the
differential enrichment of contaminating proteins in tSV and EVs. e tSV and EVs showing the
differential enrichment of protein targets for miR identified in Fig. 6. f Enriched proteins in
tSV and EVs were identified by averaged-based normalization of peptide intensities (log10).
Data represent means from n = 4 biologically independent samples across four independent

experiments.




a l b  Vimentin SIRC YBX1 L Merged
Eluted tSV Lck GRAP2
Zap70 GRB2
TRAF1 YBX1
CD3D SF3B3
CD3G NONO
LY 2073 837 CD3t (CD247) ALIX (PDCD6IP)
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Supplementary Figure 8. RNA-binding proteins (RBPs) and RNA are mobilized to the
synaptic pole of T cells and released as part of tSV. a Venn-Diagram showing the co-
identification of tSV immune-receptors and RBPs in LC-MS/MS datasets generated by two
different isolation methods, namely tSV elution (light blue circle) and sorting of BSLB (yellow
circle), which are enriched in synaptic ectosomes (SE)°. b TIRFM imaging of the RNA-binding
protein YBX1 in fixed and permeabilized TH synapses formed after 20 minutes of interaction
with SLBs. YBX1 was enriched in TH tSV as defined by LC-MS/MS analyses here and in
previously published proteomics from isolated SE®. Vimentin was used for the identification
of the pPSMAC (yellow) and the cSMAC (dark central area). White arrows indicate the
localisation of YBX1 in vesicular tracks of cells resuming migration and in the synaptic cleft.
casin (b), T cells were stained against SF3B3. d A rabbit monoclonal IgG was used as isotype
control for the experiments shown in b and c. e-f TH cells were pre-stained with BODIPY TR
Ceramide and SYTO RNASelect to track the localization of ceramide and membrane enriched
structures in the synaptic cleft of live cells. e Yellow arrows show the release of ceramide® and
RNA* vesicles in the tracks of TH cells resuming migration. f Example of a TH synapse
showing localization of ceramide® and RNA™ puncta in transit to the cSMAC. Right: We used
the super-resolution provided by eTIRF-SIM to visualize the arrangement of RNA™ puncta at
5 min of synapse assembly. Most puncta associate to ceramide enriched ER-like structures
lining the cSMAC (synaptic cleft, yellow arrows), suggesting the rapid polarization of RNA
transport machineries to the boundary of the synaptic cleft. Scale bars = 5 pum. Imaging
representative of at least three independent experiments and n = 4 biologically independent
samples (donors).



.
kS
@ w0
N ©m
Om
= ?
- <
o
~
3

m v

4 a

2] = +

oM =] ..m.,_

a 3 = o
m © 2 m QoD
gt < 0 m
[} e Q
oo B =
MF_V m I ~ =
-] =
g &8 8 ¢ =®”r °
= o

[&]
XEW JO %
L2 2
it . I
3 .nm,w =& e 5
m &

EY % | 2d e
g 2 & 2= 2
@ Feo U . | ]
— A "y _’ -

["s A [®
v B v : e
BT G AR S
S95 OBy 3d0a §95 0Ny 3400
= g
‘m wm
gz o
(¥} Y
= R tx 3
g wv L rg w»n
o B E”
3 M &
= b
& 7 .
T T ins = -. © T e
2 F E OEAG T g ©
M-DSS

=
£
«

2 x <

o o

= @ el

- L L
3 8
i8 -
£ 2

T T T T DU

505 E v
A
=
[&
i N
L B vl
g o o
F%

© v-05S o)

D.D. o -3 -3 o
T8 8 &8 , & & g & &
o &84 & 2 D & ¥ B 2 o 7 o
g & & & R & 3 & £ g 4 &
= & 8§ o & 9 I ¢ ¢ - @ =
T o o oz T & [ A A
e & E& & =& = & E & E E 2
L T . N . I R S
3 ¢ 8 8 § 8 8 & 3 8 & @
£ 2 £ 2 2 E 2 £ g2 2 £ ¢
> |
) | ||
©®
-
T
[&]
—
o o o
YT ERE 88 58 & T EE &, &2
N I T S I R S S - 1
N® N N Mo QO N O W oM W N W - T
T LT TN S8 a8 88 23 55 & 98 gy 5
EoEZ X X QX oE X ECEEEorEE e
EEEEEREEEEEEEEEEEEEEE
g 85354838 3333333 3§5¢ 43
L g2 g gg g2 o2 g opoppogog
(4]
V‘ | |
uw -
I
T
o e

o a o & e a a o
g 9 & a 9 9 &9 o 9 @
<+ g o 8 ¥ & 8 & & 8 g
b o A . S . @ g )
€ o X o x ¥ £ r o @
E E E & E E E £ B E g
2 8 g & 3 8 & & g g 2
2 2 2 2 & 2 2z 2 2 2 2
> [
81 |
Q@
T [
[

hsa-miR-83-5p

hsa-let-7d-5p

hsa-let-7d-5p

pajeicosse Jaoue)
ABeydony

uoIsaypY (180

BuneuBls sey

BuneuBis Ydwin

BuijeuBis YWY

Bujjeusis ;||

0208y BUMOKY-BUMOLAD
Bueubls YL

wied Bal 1ad-17ad
uone|nbias fynabuo
uoisaypy |eso4

Buneubis 4NL

Buieusis ¥og

Buneubis 4204

Bueudis 1w1S-yvr
BueuBis Oxo4

Buneubis py-yeld
‘@duadsauas Jenjag

Ppajeosse Jsouen
ABeydojny

uoIsaypy 120

Buneubis sey

Guneubis %dvin
BuneuBis ydwy
Gueubis £1-1

‘dasay aurolAg-auolA Dy
GuyeuBis y1
AemupedBa L.ad-110d
uonenfias Aynsbuo
UoISaYPY 18304

Buijeubis INL

Buieubis Hod

Guneubis [4=04

GuneuBis 1v1S-3vr
Buneubis oxo4

Buyeubis piy-yeld
a0us0saUss JeN||a0

pajeposse Jaoue)
ABeydany

uoisaypy IR0

Bujeubs sey

BuleuBis MdviN

Buieufiis ydly

Buieuiis /17|

209y BUNOMO-BUNOIAD
Buyeubis ¥
Aemuped-Ba) Lad-170d
uonejnbal Aunabuo
uoisaypy (e300

Buieufiis yNL

Bueutis yog

Buyeufs jyso4

BuljeuBis 1% S5V
BuleuBis gxo4

Buiieuiis Hiy-Held
20Ua0S3US JEINAD

05 04 03 02 01 0o

06

0.0

0.4 0.2

086

h

0.0

03

CTL EVs

05

sjabiey} Jo 'oN

00v 008 00z 00k 0
! ! L ! |
0
> B
g s
m w
s [
o w
Q
ez
@ ©
2
P
2
E §
E n
s}abuie) jo oN
00¥ oog ooz 004 o
z B ,
m -
] o
2 [
8 ¢
- =
@ =
D O
g 0
e 3
E =
2 &
o B

hsa-miR-320b
hsa-miR-744-5p
hsa-miR-82b-3p
hsa-miR-103a-3p
hsa-miR-150-3p
hsa-miR-625-3p

I . hsa-miR-222-3p

ssacld se)mj290 jo uogenBay angefieu

55300.d Fe21Bojoig Jo uoneinBas anjebau

s5300.d feaiBojoig Jo uonenBal anysod

uoissaidxs aweb jo uonenbas

$5300.d JIOGEIBW 8NJS|OWOLIEW JO UoHE(NBal

$5300.d oGEBW JEN|B2 J0 UoHE|NBS)

55300.d 2ljogew Aewud jo uoneinbal

s5300.d JjogeiaW jo uonenbal

$53004d 2logeleW punodwos uebonu jo uonenbis
$5800.d D/I0gERW WNY JO LogenBal

ssaoaud aayufson anos|owomnew senED 1o uongnbias
ssa00ld SoGeleW 1EjN)eo Jo uonenBal sanisod

$5300Jd IDQEIRW 8NIS|OOIEW JO uonE|nBa) aaysod
s3300.d Djogelew jo uonenba; angebau

55200.d Dl0gelRW punodwod Buueuos-aseqoampnu jo uogeinbas
$53004d DBYWASOK 3|NTB(0WOITEW JO UoRE|NGa
ssacald anBUWASEH 1o UolenBal

58a00Jd JNBYWASOR JEn)IsD Jo uchenBa)

3300.d DjogEleL Jo uonEnGs: eaysod

et
5350 SIIDGESL S|asjoWaIEL
SnNLNE 0] a5ucdsa)
[EaiwBY0 O} ssucdsal

S:mﬁusmu_cmﬂuenmzﬁw!
s5300.d oNoa=|AW JBINRa
$59204d (j0qEIAW punodwiod uabonu Je|n|ee
$53004d 01j0QE}BW PUNOdWOD DJEWOSE JEINRED
ss200.d oijogelew sjakoosEy
558004d {|OGE}ALI B|NIB|CLIIIBL JE|N| |8
£5300.d IIDGE} W PUNOTWED BUILIEIUOT-BEEROBHNY
253010l JE{M[59 JO UONE|NGBI
s5900.d |EXBOOIY J0 UNE|NBa
ss200.d |EaiBojoig 4o uaeinBal saysad
SnNWINE 0} #EUCGEE) J UGHENDE
s5350.d sEVN|j80 Jo uonEnBas aaysod

BUiBUBS 0 UonEnBa)

UCHENINWWOD |89 jo uogeinBas
s5200.d S)10qE| W Lislod 46 Loye|nBas
559001 J|OGEIBL UijoId JEIN)ED JO UDRENBaI

$53504d 2Ij0QE}BW B|NDSIOWOLIBW O LoREINBE ansad
LOMANPSUEI) [BUBIS 10 LoNBINBal

$5900.d o0geleu punodwos uaBonu o uonenBas aapsad
s5200.d Jij0gE|EW O :wwm_zmm: anysod

$5920.d 2(jogE)aW punadwes UaGoi o uonenBal
jeqElew AiEwud jo uoRENER)
£5200.d JOGE|BU 3(PIBOUICLBI 40 UORE|NGSE
3 Jo uojenBay annisod
yeinGas

9 40 UopenBa

X 153 4O LoRENBs:
- auab 4o UonE|nBai
$58204d Jn@uuAs0|q JO UONEINBaY
55200.d JljaLUAS0Iq BNDB|CWIAIIEW 4o UageInEal
£5200.d 2{|OGEIBL N 4o Uone|nBa)
$58504d JijoqE}aw PUNodwao BUILIEIUDI-SSEGOBIINU JO UOHEINGS)
ss200.d aijaLuE0Iq SND3|CLIAIIEL 1B[N|30 40 UaYR|RBI
$52004d |20B0j0Iq Jo uone|Nbay aanebau
55500.d J81n|j20 J0 U DI SAebou
S52501d oifeLaw5014 Wi 40 UolEInES)

ucndssuesn pajeiduIsI-pioe J\sfanu jo uofenBas
v&m.nsmaumun ‘uonduas ey Jo uoenBal

|1 @sesawAod wNy Aa vondudsuea jo uonenbas
S5200.d QIDQE}BUI 18NS0 10 UCHENBa) BngeBau

sss00ud aiogeeu jo LogenBe: ssbey

$58501d dflodEjau! punaduioo UsBon Jo UoREInBa a/TEBeu
55200.d JIIDGE]BI B[MIBIOWOIEW 40 UONE|NGS! anjEBa
Uorssauca 2uah Jo UoNE|NBa) BANEBaU

hsa-miR-146b-3p
hsa-miR-83-5p

0.0

I hsa-miR-210-3p

pelelnosse J180ueD
ABieydoimy

uoIsaypy 1130

Buijeubis sey

Buijeubis Y dvin
Buijeufis Y dy
Buieubis 2171

“devey suporkD-sunolin
Bueutis {1

Aemyjed B2l Lad-11ad
uonenBas Aynabuo
ucisaypy [ea04

Buieufis JN 1L

Buieuis yog

Bueubis 1404

Bujeubis | v1S-3vr
Buljeufis oxo4

Buieuis py-yigld
20Us0s3USS JeN|[BD

.15

0.25

0.35



Supplementary Figure 9. Pathway enrichment analyses reveals unique and shared miR in
tSV and EVs sharing functional gene ontology categories. a Sorting of BSLBs after
conjugate dissociation for the sequencing of tSVs small RNA content. Shown is the gating
strategy for the identification of single BSLB and cells in sorting experiments for the
sequencing of small RNAs. Right: Shown are overlaid histograms of single BSLBs analyzed
after sorting from T cell: BSLB co-cultures. Null (grey; containing only 20 molec./um? of
CD40 and 200 molec./um? of ICAM1) and agonistic (violet; containing CD40, ICAM1 and
250 molec./um? of anti-CD3¢* Fab) BSLBs are compared for the expression of T cell-derived
TCRa. b Post-sort control showing the enrichment of single T cells by fluorescence-activated
cell sorting as in (a). ¢ Gene enrichment analyses for miR captured by null BSLBs and BSLBs
containing 250 molec./um? of anti-CD3¢ Fab after coculturing with TH and CTL. d-g
Heatmaps detailing miR species and KEGG GO pathways functionally enriched in TH tSV
(d), THEVs (e), CTL tSVs (f) and CTL EVs (g); Heatmap values represent 1og10 p-values. h-
i Number of miR targets across different GO pathways. h CTL tSV and EVs miR targets are
compared. i THtSVsand EVs miR targets are compared. Shared miR targets per GO category
are shown in grey, unique targets for tSVs are shown in magenta and unique targets for EVs
miR are shown in green. Data from n = 8 biologically independent samples (donors; d-i) across
six independent experiments. For functional and biological pathway enrichment analyses using
MIENTURNET (d-i), P-values were determined by hypergeometric statistic test and FDR (Q
=0.05).
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Supplementary Figure 10. TSV release in BSLB: T cell co-cultures mimicking hours-long
interactions between DC and T cells. a Flow cytometry evaluation of T cell membrane
transfer (BODIPY TR ceramide) to BSLBs after 24h incubation with TH cells. Shown is the
gating strategy used to identify BSLBs and cells, and the side-by-side comparison of BODIPY
TR Ceramide (membrane) transfer to agonistic BSLBs (a-CD3e Fab*, blue overlaid
histograms) compared with null BSLBs (grey overlaid histograms, in left) and BODIPY TR
expression in their respective cells (far-right overlaid histograms). b-c TSV capture by BSLB
co-cultured with TH for either 90 min (green histograms) or 24 h (blue histograms) at 37°C
and 5% CO». The fluorescence for DOPE ATTO 565 indicates that after 24 h of co-culture the
supported lipid bilayers remain intact. ¢ Normalized synaptic transfer (%) for the different
markers shown in (b). In a-c, BSLBs were reconstituted with CD40 (500 molec./um?,
reconstituting a DC membrane based on a measured density of 516 + 216 molec./um? on
moDCs), ICAM1 (200 molec./um?) and a-CD3e-Fab (250 molec./um?). Data representative of

n =2 (a) and 4 (b-c) biologically independent samples (donors) across two independent
experiments.
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Supplementary Figure 11. TH transfer membrane particles resembling tSV and activate
antigen-presenting moDCs. a Laser confocal microphotograph showing the transfer of
membrane material from TH cells to antigen loaded monocyte-derived moDCs within 2
minutes of interaction. The image shows the transfer of diffraction-limited ceramide+ puncta
(white arrow) from BODIPY TR ceramide (BTRC)-labelled TH to Staphylococcal Enterotoxin
B (SEB; at 100 ng/mL"?)-loaded moDCs (cyan; labelled with Cell Trace Violet). b as in (a),
laser confocal microphotograph showing the transfer of membrane material (white arrows)
from TH cells to antigen loaded moDCs after 90 minutes of interaction and at three z planes.
Note the polarization of TH cells, which resumed migration after 90 min of interaction. Orange
arrows indicate the presence of large pieces of membrane reminiscent of material engulfed by
trogocytosis®®. ¢ As in (b), moDCs devoid of superantigen (null) were cultured with TH cells.
Most T cells failed to polarize their Golgi/ER and migrated by stablishing transient contacts
with the DCs. d Flow cytometry gating strategy to identify single TH and single moDCs and
measure membrane transfer (BTRC) between TH and moDCs after 24 h of co-culture. e
Measurement of BTRC transfer from TH to moDCs either lacking (grey circles) or presenting
SEB (blue circles) at 24 h of co-culture. f-i as in (d-e), moDC activation at 24 h of co-culture
was measured by flow cytometry staining of ICAML1 (f), CD86 (g), CD40 (h), and CD40L (i)



on moDCs after conjugate dissociation using 2 mM EDTA in ice-cold PBS. The average value
for moDCs cultured alone is shown for comparison (violet circles). Bottom panels:
Representative overlaid histograms showing the fluorescence distribution of BTRC, ICAML1,
CD86, CD40 and CD40L as shown in e-i. Histograms represent moDCs cultured alone (violet)
or co-cultured with T cells in the absence (grey) or presence of SEB (blue). Data represent
Means £ SEM of n = 2 (a-c) biologically independent samples across two independent
experiments. In (e, d-i) 3 biologically independent samples across two independent
experiments are shown. Statistical significance was determined by two-tailed, unpaired t-test
(e-1). Values represent calculated P values for the indicated comparisons.



Supplementary Table 1.

List of antibodies used in this study.

Antibody Clone Fluorochromes Manufacturer Dilution or concentration
anti-human CD2 TS1/8 Brilliant Violet 421™ | BioLegend (San Diego, CA, #309217, Lot# B279601). 1:100 dilution.
anti-human CD4 A161A1 PerCP-Cy5.5 BioLegend (San Diego, CA, #357414, Lot# B316515). 1:100 dilution.
anti-human CD4 OKT4 PE-Cy7 BioLegend (San Diego, CA, #317414, Lot# B253231). 1:100 dilution.
anti-human CD4 OKT4 PE-Cy7 BioLegend (San Diego, CA, #317436, Lot# B284304). 1:200 dilution.
anti-human CD8a. HIT8a Alexa Fluor® 700 BioLegend (San Diego, CA, #300920, Lot# B256905). 1:100 dilution.
anti-human CD11c Bu15 APC-Cy7 BioLegend (San Diego, CA, #337218, Lot# B254813 1:800 dilution.
anti-human CD28 CD28.2 eFluor® 450 LifeTechnologies, eBioscience (#48-0289-42, Lot# ). 1 pg/mL
anti-human CD28 CD28.2 Alexa Fluor® 700 BioLegend (San Diego, CA, #302920, Lot# non-available). 1 pg/mL
anti-human CD38 HB-7 Alexa Fluor® 700 BioLegend (San Diego, CA, #356624, Lot# B257486). 1:100 dilution.
anti-human CD39 Al Brilliant Violet 510™ BioLegend (San Diego, CA, #328219, Lot# B303970). 1:100 dilution.
anti-human CD39 Al Alexa Fluor® 647 BioLegend (San Diego, CA, #328202, Lot# B257126). 1 pg/mL
anti-human CD40 5C3 PerCP-Cy5.5 BioLegend (San Diego, CA, #334316, Lot# B256342). 1:200 dilution
anti-human CD40 G28.5 Alexa Fluor® 647* BioLegend (#303602, Lot# B167433). 5 pg/mL
anti-human CD45 2D1 PE-Cy7 BioLegend (San Diego, CA, #368532, Lot# B285632). 1:200 dilution.
anti-human CD45 2D1 APC-Cy7 BioLegend (San Diego, CA, #368516, Lot# B289603). 1:100 dilution.
anti-human CD54 HA58 Brilliant Violet 711 BD Horizon (#564078, Lot# B2032101). 1:200 dilution.
anti-human CD63 H5C6 PerCP-Cy5.5 BioLegend (San Diego, CA, #353020, Lot# B270203). 1:100 dilution.
anti-human CD73 AD2 Alexa Fluor® 647* BioLegend (San Diego, CA, #344002, Lot# B216192). 1 pg/mL.
anti-human CD81 5A6 PE-Cy7 BioLegend (San Diego, CA, #349512, Lot# B276514). 1:100 dilution.
anti-human CD86 1T2.2 Brilliant Violet 785™ BioLegend (San Diego, CA, #305442, Lot# B337087). 1:200 dilution.
anti-human CD154 . : 1 pg/mL for microscopy; 5
(CD40L) 2431 Alexa Fluor® 488 BioLegend (San Diego, CA, #310815, Lot # B224765). ug/mL for FCM.
anti-human CD154 . : 1 pg/mL for microscopy; 5
(CD40L) 2431 Alexa Eluor® 647 BioLegend (San Diego, CA, #310818, Lot# B266279). ug/mL for FCM.
Anti-human CD156¢ .

(ADAM10) SHM14 Alexa Fluor® 647* BioLegend (#352702, Lot# B212788) 1 g/l
anti-human CD317 . .

(BST2/Tetherin) RS38E Alexa Fluor® 647 BioLegend (San Diego, CA, #348404, Lot# B177299). 1 pg/mL
anti-human CD317 eBioscience, Thermo Fisher Scientific Inc. (#53-3179-42,

(BST2, PDCA-1) 26F8 Alexa Fluor® 488 Lot# 2134438). 1 pg/mL
anti-human TCRaf 1P26 Brilliant Violet 421™ BioLegend (San Diego, CA, #306722, Lot# B240856). 1 ug/mL
anti-human TCRaf 1P26 Alexa Fluor® 488 BioLegend (San Diego, CA, #306712, Lot# B269884). 1 pg/mL
anti-human TCRaf} 1P26 Alexa Fluor® 647 BioLegend (San Diego, CA, #306714, Lot# B210817). 1 ug/mL
anti-human Perforin B-D48 PE-Cy7 BioLegend (San Diego, CA, #353316, Lot# 353316). 5 pg/mL
Mouse 1gG1 kappa -

Isotype control X40 Brilliant Violetr 421 | BD Biosciences (#562438, Loti 8242926) 1 pg/mL
Mouse 1gG1 kappa -

Isotype control P3.6.2.8.1 eFluor 450 BD Biosciences, #48-4714-82, Lot B2191944). 1:100 dilution.
Mouse 1gG1 kappa . .

Isotype control MOPC-21 Brilliant Violet 51grv | Biokegend (San Diego, CA, #400172, Lot# B279185). 1 pg/mL
Mouse 1gG1 kappa . .

Isotype control MOPC-21 Alexa Fluor® 488 BioLegend (San Diego, CA, #400129, Lot B220820). 1 pg/mL
Mouse 1gG1 kappa . .

Isotype control MOPC-21 Alexa Fluor® 647 BioLegend (San Diego, CA, #400130, Lot# B262021). 1 ugiml
Mouse 1gG1 kappa . .

Isotype control MOPC-21 Alexa Fluor® 700 BioLegend (San Diego, CA, #400144, Lot# B288791). 1 pg/mL
Mouse 1gG1 kappa eBioscience, Thermo Flsher Scientific Inc. (MA, USA), #13-

Isotype control P3.6.2.8.1 Alexa Fluor® 647* 4714-85. 1 pg/mL
Mouse 1gG2a kappa . .

Isotype control MOPC-173 Alexa Fluor® 647 BioLegend (San Diego, CA, #400240, Lot# B204560). 1 pg/mL
Mouse 1gG1 kappa .

Isotype control X40 Brilliant Violet™ 711 BD Biosciences (#563044, Lot# 0030270) 1 pg/mL
Mouse 1gG2b kappa . .

Isotype control MPC-11 Brilliant Violet 785 | BioLegend (San Diego, CA, #400355, Lot# B228711). 1:100 dilution.
anti-human IgG Fc Polyclonal PE Invitrogen (#12-4998-82, Lot# 1962116) 1:100 dilution.
Donkey anti-Rabbit 1gG

(H+L) minimal cross- Polyclonal Jackson ImmunoResearch (#711-606-152, Lot# 119661)

reaction.

AffiniPure F(ab)2

Alexa Fluor 647

1:2,000 dilution.

Rabbit anti-human
TSG101

EPR7130B

Alexa Fluor 647

Abcam (#ab207664, Lot# GR260973-3)

1:100 dilution for microscopy.

Abcam (#ab255606, LOT# GR3285398-2)

1: 100 dilution for

Rabbit anti-human YB1 EPR22682-21 Unconjugated microscopy.

gla:ggi; antehuman EPR18440 Unconjugated Abcam (#ab209402, LOT# GR255457-3) iné?fsgéwon o
Rabbit Isotype control EPR25A Alexa Fluor 647 Abeam (#2b199093, LOT# GR317039-3) rlné?:sgzlnl;;?on o
Rabbit anti-Virmentin EPR3776 Alexa Fluor 555 Abcam (#ab203428, LOT# GR3281079-1) rlmg?fsgéwon o
g%b4l)(;tl_airét;-r]i:1uman D5J9Y Unconjugated CST (#15094, Lot 1) ?rr?rggr?glbulgftrngor
Mouse anti-B-actin 8H10D10 Unconjugated CST (#3700S, LOT#18) |1rr12n$l?r?og:LlJtlt:?1;for
Rabbit anti-ALIX EPR15314 Unconjugated Abcam (#ab186429, LOT# GR3261765-6) |1msrggr?o"bulgftrngor
Rabbit anti-TSG101 EPR7130B Unconjugated Abeam (#ab125011, LOT#s GR299332-28) |1n?r:?1r?o"bulgftrngor
Mouse anti.CD81 M3 Uncougeted Invitrogen (#10630D, LOT# 01073933 and 00977863) Ilr:nfgfél)“lgft:‘ng"
Donkey anti-Rabbit IgG | Non-reported IRDye 800 CW LI-COR (#926-32213, LOT# D01216-10) |1m1r?1u0r?:blljz;lt$|lr:gn o
:DQoGnkey anti-ouse Non-reported IRDye 680 RD LI-COR (#926-68072, LOT# C91023-06) ?mlniuor?gb‘lj(;ltltjltr:;n o




Supplementary Table 2. List of CRISPR/Cas9 gRNAs used in this study.

Alt-R CRISPR-Cas9 gRNA sequence (PAM

Catalog number (guide ID) of Alt-R CRISPR-

Target underlined) Cas9

CD4 GAAGATGAGGGTGCACGAGTGGG Hs.Cas9.CD4.1.AD
CD81 ATCTACATCCTCATCGCTGTGGG Hs.Cas9.CD81.1.AB
ADAM10 CCCCATAAATACGGTCCTCAGGG Hs.Cas9.ADAM10.1.AA
BST2 CCCCCAGAATCACGATGATCAGG Hs.Cas9.BST2.1.AA
TSG101.AA | CTATCCGCCATACCAGGCAACGG Hs.Cas9.TSG101.1.AA
TSG101.AB | GTGGCAGGATATGGACCACCAGG Hs.Cas9.TSG101.1.AB




